Identification of active site residues in pyrophosphate-dependent phosphofructo-1-kinase by site-directed mutagenesis.
The primary structure of pyrophosphate-dependent phosphofructokinase (PFK) from Propionibacterium freudenreichii exhibits a low but significant level of sequence identity with Escherichia coli ATP-dependent PFK, permitting the tentative assignment of residues that may be involved in catalysis. Based on these assignments, the roles in catalysis of 2 aspartyl residues (Asp151 and Asp153) and 2 lysyl residues (Lys80 and Lys85) were examined. Mutagenesis of the Asp151 to alanine and serine reduced kcat by a factors of 2 x 10(4) and 4 x 10(5), respectively, while showing no change in Km for either substrate in the forward reaction or for metal ion in the back reaction. The kcat for Asp153 was decreased by a factor of 700 with no change in Km for pyrophosphate and an increase of about 20-fold in Km for fructose 6-P and close to 4-fold for magnesium ion. That these changes in the mutants were not the result of global conformational changes was indicated by their identical behavior during substrate-specific elution chromatography, ion-exchange chromatography, and limited proteolysis by trypsin and subtilisin. Mutations of Lys80 and Lys85 showed no significant changes in kinetic parameters, suggesting no involvement in mechanism or substrate binding. These and other results permit preliminary modeling of the active site of pyrophosphate-dependent PFK.